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This is Volme 3, Book 1 of the History: 
F ir s t ,  F-1 Combastion Stability Program Report , 
prepared i n  compliance w i t h  the provisions of 
Contract NASu-16, Scope of Work Para. VII-K of 
Had. 71. 
Program for the National Aeronmtics and Space 
Administration. 

Project 

The Rocketdpe F-1 w ine  Development 

A history of the F-I Combustion S tab i l i ty  Rogram 
from October through December 1964 is presented. 
Eesults of studies, tests, d procedures are 

discussed and graphically prercnted , and problems 
encountered are described. 

(Onclassified Abstract) 
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I.OCYETDVNE A D I V I S I O N  O C  N O R f n  A M L R I C A I W  A V I A I 8 O N  I U t  

%%lume 3, Book 1 dercribem the Combortion Stabil i ty Program for  the 

period of October through December 1964. By t h i r  time, the problem of 

engine .elf-triggering irutabilitiem had been eliminated. The prirary 
e f f o r t  during t h e  rqort period wa8 directod toward the elimination of 
the remrge and Ctrsr L 2 5  ol' i zs t sb i l i t i e r  and the atfahment of high- 
perforaance injector configuratiolu c-enmurate w i t h  r tabi l i ty .  

tbim end, injector pattern aodificatiom near tho confinimy baffle 
mufacer were mde and teoted. Teat remlt. indicated rignificant 

iaportance of the injector pattern near the bafflem. 

To 

Q 
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ROCYETDYNB A D I V I S I O N  O F  NC-rr .- .YCI ICAN A V I A T I O N  INC 

The program wos highlighted duzing this period by the damping of three 
bomb-induced disturbances within the maximum 100 milliseconds durat' on 
by the F-1 engine system, as part of the IRT demonstration. 

Effort vaa expended on the attailrment of improved dynamic atability and 
improved perfonmace. To thio end, injector modification8 which evaluated 
the effect8 of oxidher rprayr near the radial baffler, varioua oxidizer 
rplitter modificationm, and flow dirtribation on codnution atability 
and perfonmace vere terted. 

R-561 5-9 3 
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' 0  I 

ANALYTICAL AND TEEmErIcAL WORK 

F-1 SJRGE MODEL 

During t h i s  period a sustained e f fo r t  was made t o  understand and eliminate 

the resurging problem. 
extended to  include portions of tbe LOX feed system. 

resu l t  of data analysis which reveaied osci i la t ion i n  the 120- t o  14O-cpa 
region i n  the ducting during normal operation. 

means periodic but had the majority of its spectral  power in  the 100- to  

14O-cps region. 
equations. 

Rocketdyne's previous work on a chag model was 

This was done as a 

The resurging was by no 

The ducting was described by clasaical  water hammer 

I 

The system yos found t o  be marginally unstable a t  150 cps w i t h  the FRT 
injector.  
system. 
which would introduce another variable, it vas ret-nded that an increase 
i n  LOX impedance be made a t  the axial  feed holes. 
tha t  or i f ic ing of the axial  feed holes ' to  increase the overall u)ly differ-  

en t i a l  presnure t o  380 ps i  would r e su l t  i n  a stable injector. 
f icat ion on injector  098 resulted in' an oxidizer d i f fe ren t ia l  pressure 

of 350 psi.  

Variation in  the LOX impedance -8 found. to  s tab i l ize  the &BT 
In order nut to dis turb the spray pattern of this in jec tor ,  

Model resu l t s  showed 

This rodi- 

However, the resurging persisted. 

IRTAL CHAMBW MODEL 

In  ?erformiqg -h above analytical  work it was noted that a rerponae 
peak occurred a t  500 c p .  
model, which would combine the mrge model with the so0 cpa model. 
vaa done by incorporating into the model a t i m e  lag of 1 millfrecond 

It waa decided to conrtract a dual chamber 

Thia 

aC706r b!M 9C&T&%alr C b h r .  

R-5615-9 5 



DEZEIWNATION OF FzI)w DISTBIBIITION 

During t h i r  report period ut i l izat ion o f  the flow d ia t . r i h t ion  program, 
developed during the preview period,contirmed. 
correlate well with Project F i r r t ' r  f l aw  bench r e m l t r .  
tha t  both flow bench and computor program method6 required rame refinement. 

It. r e m l t r  did not 
It became evident 

Current injector derigm were analytically flowed and the r e m l t a  were 
reported. In addition, fan canti- aloag the radial  baffler war deter- 
mined f o r  the Wrerier injectors on the baeir  of comemation of ax ia l  
and t ramverre  liquid momentum. 
correlated with cant away fram the radial  baffler.  

The rerulf. ohawed that  relative e t a b i l i t y  

It waa recommended that a rhort  experimental water flov program be carried 
out t o  more accurately deternine the variaru head lor8 coefficientr  uti l-  
ired by the d ig i ta l  p r o m .  

INJECZOR DISTRIBUTION AND RATIO PBOCBAM 

An IlEI program war written t o  calculate the propellant mixture r a t i o  dim- 

t r ibu t ioa  i n  a polar coordinate 8yrtem Tbe propellant dir t r ibut ion 
(injection denrity) remlting from an injector  element war amarmed t o  

vary coeimuoidally i n  a circumferential direction, ptaking d i rec t ly  
above the element and dropping t o  sero midway between elements (Fig. 
Elemental  propellant dirtribution war aenrmed colutant radially,  and wae 

limited by the circmnferential center l iner  of the adjacent ringm. The 
integral  of the elemental dir t r ibut ion curve war calculated by the pro- 
gram to match the t o t a l  elemental f law ae obtained i n  the high-flaw 

trnnch . 

1). 

6 R-5615-9 
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ROCYETDYNB A D I V I S I O N  O F  N O R T H  4 Y E W I C A N  A V l A T l O N  I N C  

8 

9 

0 

FUEL DISTRIBUTKIN 

PROPELLANT OlSlRleoTKm PROFILE 
O= A I-cost S+/3 1) 

Figure 1. Propellant Distribution Profile 

R-561 5-9 
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A epatially dependent c* was calculated by the program uring an arithmetic 
curve for mixture ratios between 1.5 and 4.0. Outside of the range, a 
linear relationship -8 ar~umed. Chamber pressure was fixed at 1100 psi, 

For baffled injectors, each compartment mast be handled separately. with 
a meparate printout for each. 

The remltr of the program conmist of: 

1. Point values: oxidixer dietribution, fuel distribution, 
mixture ratio 

2. .Ring values: total oxidirer flow, total fuel flow 

3. Campartpent valuer: total propellant flov, product of total 
propellant flow and c*, and average c*. 

Pigurea 2 and 3 are cathode m y  tube (CRl') plot. of the data obtained 
froa a portion of injector O B .  

The n m l t s  of the c* calculation progam appeared to be of only qualita- 
t ive u m  at this time rather than of quantitative use. 

8 R-5615-9 
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-3'igus-a 2. CCALG& Pay Tube 2hh (W3), hjecfor 6 C  
o = oxidizer distribution 
v = fuel distribution 
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DESIGN 

MODIFICATIONS 

Injector8 X051, X052, X053, XOS, and 086 were modified to incsrporate 
the fuel-cooled GSE throat plug boar. 

were almo modified by the addition of a rederigned outer fuel ring t o  r c  
place par t  of the outer fuel ring on the injector body (Fig. 4). 
change var made t o  inprove the heat t r a m f e r  and minimize the tbexmal 
r t res rer  rerpomible for reparation uf the 8tainlerr  rteel ring .nd the 

outer fuel ring a t  the t ip8 of the radial  baffler. 
W ~ E  discarded on sabsquent injectarm becaure it cau8cr' a ney aepraration 
on the next inboard ring-to-land joint. 

Injectors XOgl, X052, d X053 

Thir 

Thio modification 

Many other modification8 w e r e  mde on exieting i n j e c t o n  for the plrpooe 
of improving s t a b i l i t y  and performmce. There modificationm aml the rc 
mltr of tert ing a r e  dircuered under " h l y s i r " .  

Flat-face injector 077 war a complete rebuild from an exioting injector  

body. The major derign concept8 incorporated i n  thio unit were: 
oxidizer feed parrager, multirtep dr i l led radial  fuel feed port., and 
programed injection dcnaity. Figure 5 EhWE the f u e l  port  g e a e t r y  
and repreredat ive plot. of the desired injection den8ity and rirtarc 
ra t io  am a function of the injector radiua. 
inrately 1 recond higher than the FBT injector. 

enlarged 

. 
Thir u n i t  p e r i o d  approx- 

0 
R5615-9 11 



c 
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SECTION A - A  
P R O B L E M  

SECTION A - A  
SOLUTIONS 

Figrve 4. zling-to-Land Separation Problem and Solutionr 

12 a-561 5-9 
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ROCYBTDYNE A D I V I S I O N  O F  N O R T H  A Y L R I C A N  A V I A T I O N .  I N C  

The unique featurea of thim injector were the &inch-high, fuel-cooled 

bafflea. 
the 12 radialbaff lea .  I m i d e  the baff le  the fue l  f l o w  in two pathm, 
one path chanuela the  flow along the face of the baff le  and out of the . 
orif icea a t  the t i p  of the baffle. 
can, where it i o  injected a t  the ba f f l e  t ip .  
to determine the posaible increaae i n  efficiency and combustion atabil i ty.  

In thia configaration, fuel f l m  into the outer can and into 

The other path direct. the flow along 

Six-inch baffle. were umed 

Injector 089 wan arotated baff le ,  F-1 injector,  v i t h  a modified FBT ring 

met. 
the raditrl baffler t o  match the canting of the IMI orificea on the FEl 
injector. 

The modification coxmiatad of canting the fuel  orifices next to 

To improve the hydraulic character is t ics  of th i8  injector the following 

changer 

1. 

2. 

3- 

#. 

were mde  (Fig. 8 and 9 ): 

The fuel  port  hole eatrancar were rounded and the tranmition 

arear a t  change8 i n  hole diameter were tapered. 

For bet ter  fuel diatribution 2 r a  t he  radial  feed porta t o  the 

or i f ice ,  a mtainlear mteel ring vaa inatalled in the fue l  groove 

uptream of the injecting orific?. The hole area in tlh aecondary 
ring war proportioned t o  provide the flow required a t  the injector 

face. 

The fuel groove warn extended into the fuel radial  feed port. to 
provide circumferential d i a f r i h t i o n  of the propellant upatream 

of the aecondarg ring. 

The oxidiser axial feed pnaaage area waa increaacd to redace the 
velocity and t h  miniplise the ill effect8 of high dfnamic head 

on the di6tribution of the  propellant. 

16 a-5615-9 
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I.OCYETDWNH A D f V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N .  I N C  

Injector  X033 waa a rotated baffled injector w i t h  13-compartrmt,  >inch- 

high bafflem (13 x 3). 
uniform mixture r a t i o  and injection dennity. 

the r ad ia l  baffle. were not ctlllted. 

1-1/2 oecondr higher than the FEP injector. 

It had progranred orificcr t o  give completely 

The orifice. adjacent to 
Thio injector perfolud a p p r o x h t e l y  

Injector  XOgS war demised t o  mcalc up an E-1 injector, which had exhibited 
good perfoxmance and r t a b i l i t y  characterirtica, t o  the F-1 mise. 
injector differed frm the F-1 WT injector i n  that it had higher propellam 

inject ion velocitiem, mhort fuel, and long UIX impingement dimtancer (the 
reverme of F-l),and a much luwer injection denaity. 

Thir 

Injector  0 9  w a m  rebui l t  into a 2!%coplpartrant, F inch  high, baffled in- 
j ec to r  (Fig. 10 and 11). 
U X  fa- along the radial  bafflee, and injection velocitier ririlar to 
t h e  RZT injector. 
group w e r e  neceroary, h-er, becauae of the additional area occupied 

by the  baff le  6y.tem. 

Thir injector bad biplanar impingement, canted 

0 Some difference8 i n  the @pacing and number of o r i f i ce  

Injector  X060 wam der ignd  rimilar to the ERT injector bat v i th  mdifica- 
t i ons  t o  improve ita perforpance. 
ba f f l e r  (Fig. 12) and tapered radial  fuel port.. The II)X doublet8 

adjacent to  the radial baffler vere mller than tbe EBT injector, a d  

tho matching fuel  doublet. were rised for n d i l  mixture m t i o  i n  thin 
area. 

Thin ani t  had regeneratirsly cooled 

Fabrication wa8 mtarted on injector X017 (Fig. 13). Thir unit had pro- 
gramPled orifice. to e m  conatant mixtan ra t io  and injection demity. 
The unique feature of thim injector w a m  the four bipropellant cooled 
baffle.. m r a u l i c  modificatiom were the oame aa~ injector 089. 

R-5615- 9 19 
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Figure 1L D$!wription, Injector 099 
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F i F e  12. Description, Injector X w  
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0.47Y 
0.430 
0. 473 
0.430 
0.473 
0.430 
0.473 
0.430 
0.473 
0.430 
0.473 
0.430 
0.47J 
0.430 
0, 4n 
0.430 
0.473 
0.430 
0.473 
0.430 
0.473 
0.134 
0.350 
0.m 
0.4A 
0.430 

- - 
I5 =. 5 
15 
P.5 
15 
22.5 
15 
22.5 
15 
22.5 
15 
22.5 
15 
22.5 
15 
22.5 
15 
02.5 
15 
225  
15 
02. 5 
15 
m.5 
15 
22.5 
15 
9 
10 
e.5 
4 

xac 

0.- 
0.511 
0.- 

0.000 
0.571 
0.- 
0.571 
0.800 
0.571 
0.- 

0.- 
e-m 
0.000 

0.000 

0.000 
0-57l 

0.571 
0.m 
e.m 
0.m 

0.100 

o.m 

am 

0.m 

0.m 

am 

o-m 
o.m 
0.m 
0 . m  
0.000 

- 
Xj i 

0.365 
0.m 
0.- 
0.m 
0.306 
0. Yob 
0.m 
0.m 
0.- 
0.- 
0.2661 
0.m 
0.m 
0.- 
0.315 
0.314 
0.250 
0.- 
a51 
0.- 
0.m 
0.314 
051 
0.m 

0 . B  
0. m 
0.253 
0m1 
0.206 
0.m 

- 

0.315 

.. 

1 

Fignre 13. Description, Injector X017 -. 
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An inteacrive rtudy t o  determine the came of ring crack+n~ and brace jo in t  
failUre8 on the FBT injector wa8 begun. Four nod i reab le  t - p t  bodie8 w e r e  
made t o  determine the be8t type of braze joint  tbet could be wed on t he  

F-1 injector.  These t e s t  bodies were made a8 followa: 

1. 

2. 

3. 

4. 

Gold-plated ring8 and vapor-honed grooves 

Gold-plated rings and nickel-plated groove8 

Nickel-plated ring8 and nickel-plated groove8 

Decorative chrome a t r ike  p l m  nickel p l a t e  on ring8 and 
nickel-plated groove8 

The8e four bodier were then proof prenmre teated unt i l  the braze j o i n t  
failed. The average pre8mure required t o  capoe f a i l u r e  WE a8 fallarm: 

1. 25,500 pai (Failed i n  joint)  

2. 30,650 p8i (Failed in parent metal) 

3. 19,000 p8i (Failed ia joint)  

4. 24,410 poi (Failed i n  joint)  

The four bodier, along with four new ring ref., were nmachined. 
method. and type8 of plating were planned fo r  these amembliem f o r  further 
evaluation. 

In an attempt t o  detenniae the temperature of the injector  ring8 during 

hot f i r ing ,  three thcmocoup€eo were installed in injector  082B. 

three thermocouple8 were mounted i n  a LOX ring, fue l  ring, and the outer 

Mer 

- .  

The 

24 
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peripherg of the injector. 
following tcaperaturem: 
periphery, 200 F. Additional teat6 were planned for wtrifioation. 

The initial hotfi& teat. indicated the 

LOX ring, 850 F; fuel ring, 3p P; and the outer 

The inve8tigation wa8 acheduled to continue on a large male ruing the 
HIT confignration injector, 085. 
11 thennocouplea located betveen orifices, between doublets on the ateel 
ring land., on the outer baffle C m ,  and on the outer periphery of the 
injector . 

Thi8 unit wam to be modified to accept 

c .  * . '  

. -. 
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Work during t h i s  report period was devoted t o  obtaining injector  flow 

dis t r ibut ion data, the design and fabrication of fixtures t o  f a c i l i t a t e  
gathering of these data, and the writing of an IBH program t o  reduce thcii 

The effectiveneas of varioas oxidizer s p l i t t e r  designs and spray devices 
was aloo investigated using flow fixtures. 

A study was conducted t o  determine the time involved and r e l a t ive  igniter 

flaws during t h e  igniter priming sequence. 

previow flow distribution atndiea of wrioua injector element. bad in- 
dicated discrepancies attr ibutable t o  human error  in the  mea.IIlcIcllt. 
of the  timer of flow when catch bucketa were employed, 

flow collection myatem was designed and hilt (Fig. 14). In t h i 8  deaign 
. 24 tubem (with a potential of 40 tuber) were attached $0 a rotatiag firt 

placed beneath the injector and covering one quadrant, 

j ec to r  elements were too clomely apaced to p e l r m i t  flaw gathering of each 
the tube. were placed below alternate elaent.. The f ixture  van designe 
t o  index i n  increments of one octant; coluequently, alternate claenta 
not meamred during one cycle would be meamred during the next inaexing 
cycle. The discharge exdo of the tuber were attached t o  a pneumatically 
actuated, sliding table pa8itioned over the catch buckets, n o h l l y  plac 
60 t h a t  the discharge would mi80 the bucketa. 

Consequently, a 

i r  .. 
Becatue the  b- 

. .  
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To incame the flow disiribation, the injector wan brought up t o  t!ze de- 
aircd t l a w  and the sliding table  ~ 8 6  actuated. 

actuated a photo-electric c e l l  that s i jpal led the timer to m t a r t .  
table  m a  retraoted a t  the diacretion of the operator, which action atopped 

?.he timer. 
vided by the elrrpmed t i m e  t o  yield elemental fluwratea. 

The movement of the table 

The 

Individtial catch buckets were weighed, the weight being di- 

Becauars data could be gathered a t  a ra te  exceeding that pommible for t h e i r  
reduction, a 2:-at of compnter propnma waa written to eqwdi t e  the data 
procesring. 

work. 

and graghical (by mearm of a CBT printout)  cord of individual elemental 
flowrates for  each ring bkoken down by baffle comparteenta. 
flowa, aa w e l l  am average elemental f l m t e a  for aimilarly located ele- 
menta, were a180 obtained. 

Figure 15 i m  a work flow chart of t h i s  data proceasing n e b  

By emplciying theoe pmgrama, it war p o u i b l e  ts -obtain a printout 

Total ring 0 

Figure 16 ia a reprcrentative rauple of the CEl"m of the o x i d h e r  dimtri- 

bution of injector 084W, an FBT injector  pattern with ox id imr  r p l i t t e r a  

removed. 

Poattemt inapection rwealed that, iu aome irutancer, failure. occurred 
i n  the weld jo in t  binding the o d d i s e r  6p l i t f e r s  t o  the midem of the axial 
feed holea. 
perhapa triggering o r  enhancing combuation oacil latiolu.  

T W ,  'theGe appeared the poraibi l i ty  of mpli t ter  vibration,' ' 

R-5615-9 29 
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Plan Injector 

A Collect Eav 

Run Listings 

Xhita Cardr 

Corrected Data 

Corrected 1 
Final R i n g  Plots 

Ring Averages - Portran Program "WS" 

Pipal Test &port 
1 Copy t o  Iab Pi les  
1 Copy to  Bequestor 

A - 
Figure 15. Work Flow C h a r t  of Data Processing Network 
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Figare 17 is a drawing a 

r ib i l i ty .  The device rimulated a portion of the ninth oxidizer groove 

adjacent to  a radial  baffle. The inrtallation of loore r p l i t t e r r  pro- 

duced no dircernible arcil lation i n  the fanr. An a rerult  of the flow 
tenting of thio device, however, it war found tha t  the physical configu- 
ration of the r p l i t t e r  V ~ E  of mecondary importance i n  canti- a fan. 

The c r i t i c a l  factor war the prerence of a r p l i t t e r  of any of the derignm 
inve r t ip t ed  (crimped and rpoon r p l i t t e n ) .  
r p l i t t e r  t i p  had l i t t l e  effect  on fan canting. 
fan8 could be produced by the proper placement of oxidiser rplitterm, 

without modifying the d r i l l  angle of the orifice.. 

a flow fixture bui l t  to invertigate thio PO.- 

Likewire, 'ncnding of the 

It war  found that canted 

Filly TESTING OF INJECTION DEVICES 

Figure 
t o  produce atomisation. The principle war being conridered for  incorpora- 

t ion on an F-1 injector. V i m a l  examination dirclomed an excellent apray, 
but a t  the expense of an excerrive prermre drop (850 pai a t  lJ gal/min, 
carreaponding t o  the rated flowrate of o mingle oxidiser t r i p l e t  orifice).  

18 ir a drawing of a flow temt fixture employing a .vir1 device 

The device warn modified, w i t b  no apparent vi t ia t ion of the s p y ,  by en- 
larging the central  rertricting hole. The prermre drop, f o r  the name 

flowrate, YBE lowered t o  425 pi. 

Future planr called for t he  enlargement of the tangentially dr i l led 

orif ictm. 

A flaw test waa alro conducted of a coaxial rtream injection device of a 

r i s e  conncnmrate witb F-1 ridg dkamionr.  
oridiser swirler. 

It contained an internal 
Photographic analyrir indicated adequate mixing. 

L 
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Figure 17. Arb1 Feed Bole Flaw Firtrw 

\ I  
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Figure 18. Flow Test Fixture With Swirl Device 

34 R-5615-9 



However* the prammure d r o p  were excemrive: 

and 625 pi f o r  the fuel, a t  rated f l a n a t e a .  

1750 psi on t h e  oxidizer 

IGNITm PEIMING STUDIES 

A high-opeed photographic atady waa -de of the igniter mymtem being 

primed via water. High-rpeed molenoid valve. were employed to ini t ia te  
the priming mequence, which wa. photographed by F'astcu cametar. 

The remlk indicated tha t  within 100 nrillirecond. of tbe v a l w  opening, 
a l l  igniters were flowing f u l l ,  the p e a t e a t  t i m e  interval between valve 
opening and the bcginaing of flow appearel to be comslative with the 

diatance from the valve t o  the igniter. 

a-561 5-9 35 



During the report period, a i x  t e s t s  were conducted on the  high-preasure. 

two-dimensional t h n u t  chamber. Sub j ec t s  i m a t i g a t e d  were the effects  
of ba f f l e  length on "buss" i n s t a b i l i t y ,  the performance of an injector 

employing unlike-@npinging doublets and shaverhead or i f ices ,  the inject ion 
of "tracem'* into the combuation chamber, cud the e f f e c k  of the boundam 
layer on streak photograph. 
menta were made and a gas sampling was attecpttd. 

Spectral, radiation, and t h e m 1  measure- 
Bcsrrlta were a s  folloaa: 

Thio was an attempt t o  trigger a buss instability. 

bafflea,  equally .paced, w e r e  employed. A bru8 of approxiaatelp 820 cpr. 
200 poi peak-to-peak r e m l t e d  during the ent i re  500 milliatconda of main- 

stage operation. A bomb-induced disturbam. damped v i t h i n  7 milliaecord., 

Four 3.5-inch-long 

t e a t  2108 

This was a repeat of T e s t  2107 above, except f o r  the m e  of four &inch 

bafflea. 
en t i re  490 milliseconds of mainstage operation. 
charge had no discernible effect .  

Buzsing betueen 800 and 900 cpa remlted,  and permisted for  the 

Detonation of an explosivt 

. , '. 
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Teat 2109 

Thi8 t e a t  employed four baffle8 apaced 3-4-5-4-3. 
war employed i n  which 85 percent of the propellant. were injected through 

large mhowerhead orifice8 and 15 percent through -11, anlike, impinging 
doublet.. 
The t e a t  remlted i n  a rather high c* of 5370 ft/aec i n  rpita of moderately 

high injector leakage and damping of a bomb-inducod disturbance in 7 
millimecondr. 

An injection patterp 

The objective waa t o  achieve a high c o d m t i o n  efficiency. 

Thio t e a t  employed two )-inch baffle., rpaced t o  provide capsrtaent. 

6.5, 7.0, and 6.5 inchea wide. 
ethyl-alcohol and EP-1; the oxidiser Vlll I1)x. 

into the chamber, n o m 1  t o  the injector face. 
doublet flowed nitrogen tetroxide and one of the he1  orifice. employed 

BpLl daring the alcohol phaoe. 
qualitative picture of the mixing of the combnetion garea. 

The fuelr employed vera m c c e u i r c l y  

A l ~ m i n m  d9.t warn injected 
In addition, one oxidirer 

Theae rerved the fmnction of prariding a 

Combuation -8 rtable throqhout 400 millirecondo of mnimtage opemtion. 

Four thermocouple. wen inrerted through the injector face and extended 
1 inch downofream. -Two heat flux meterr a t  4.7 and 24.7 irache8 from the 
injector face indicated heat fluxer of 3.9 Btuhn. +ec and 10.8 Btq/in?-.ec, 2 

rerpec t i va ly  . 
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0 
Tert 2111 

This war a repetition of the above teat, witb additional thermocoupler 

and a grating apcctrograph added. 
saturated barium chloride and blue-dyed water through orifice. in the 

injector face,  while retaining the propellant injection approach cmployed 

in the previoue teat. 

Tracer6 were provided by injector 

A bombinduced disturbance damped in 60 milliwcondr. 

f l u s  meter located 24.7 inches from the injector face indicated a heated 
f lnx  of 11.7 BUn?-8ec.  
not remain open long enough f o r  adequate  ampli ling. 

Da& from the heat 

A ga8 rampling device var employed, but did 

Tert  2112 

c! 
Thin t e a t  employed two F i n c h  baffler, rpaced am in tart8 2110 and 2111. 
To determine the effect  of a boundary layer upon rtreak photography, 
r treak photograph were taken both upatream and donutream of a hole 
bleeding combustion garer t o  the atmorphen. 

Spectral and radiation mea8urment8 were a l ro  =de durirr(l t h io  teat .  

ACOUSTIC ABSORPTION STmlIES 

A number of h t a n c e r  were reported i o  which #table combumtion wao achieved 
a f t e r  hardware modification8 were made that remlted i n  blind .lib coupled 
t o  the combuotion chamber. 

ducted t o  analyse the effect6 of rlitm coupled to a cylindrical caviw. 
There corui8ted of exit ing the a i r  in a cavity 4 inches in  diameter and 
1 inch long and coPmanicating t o  8lih of variaru configraation8. 

Consequently, aeoacltic bench t ea t8  w e r e  con- 

a-5615-9 39 
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I n i t i a l l y ,  radial  8 l i t r  were introduced by mean8 of ga8ket8. 

found that the optimum m l i t  configuration produced attenuation8 of 6.5 
t o  7.9 decibel8 f o r  the  f i r r t  tangential mode, 13 decibel8 f o r  the mecond 

tangential mode, and 5.1 decibel8 f o r  the f i r a t  radial  mode. 

It va8 

The tert8 vere repeated i n  a different chamber to invertigate the effect8 
of longitudinally directed .lit.. 

iweatigated, with width .  increaaing in incrcnenta of 0.015 inch. 

S l i t .  1/2 inch and 1 inch long were 

It war f o d  that attenuation hcrea8ed with increarcd rlit  depth, a8 
in  the came of the r a d i a l  elit. .  
each #lit height a d  mode of vibration. 
r l i t  configuration, wa8 found to be 3.8 and 9.2 decibel8 f o r  the firmt 

and second tangential and f i r r t  radial  d e r  rempectively, fo r  t h e  1/2- 
inch-long dit. For t he  I-inch-long rlit ,  t he  afthnaatiolu, limted in  
the aame order, were 9.1, 17.8, and 7.0 decibelr. 

An optimum rlit width wan found for 
The attentuation, a t  the opt- 

40 k-5615-9 
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0 

COMPONaJT TESTING (Table 1) 

During the report period covered, cmnponent. te8t8 were conducted to in- 
veatigate the follwing area8: 

0 

I. 

2. 

3. 

4. 

5. 

6.  

7. 

8.  

9. 

Evaluation of the FRT injector configuration 

Tmemtiption of the effect. of oxidiser aplittera and aplitter 
ahifting on atability 

Invemtigation of the effect8 of oxidirer spray Ohape8 adjacent 
to baffle mrf ace6 

Inveatiption of a tribaffled injector 

Inveafigation of a rotated fan injector 

Inveatigation of injector m o d i f  icationa to mpprem the 
baas mode 

The effect8 of removing the oxidiser dome cone on atability 

The imeatigation of vented radial baffle. a8 a rtabilising 
agent 

Injector performance evaluation tert8 

Ewlmtion of the FRT Configuration 

k i n g  October andNovember, 17 te8t8 vert conducted on the ERT config- 
uration injector (type OWE). 
in time8 ranging from 8 to more than 400 milliaeoonda. 

Fourteen bomb-induced inmtabilitiea damped 
Four te8t8 took 

b5615-9 41 
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more than 100 milliaeconda t o  damp; each war characterized by injector 

and O-ring damage. 
coupled with 5OO-cpa and 15OO-cpr oacillationa. 

The ins tab i l i ty  mode i n  each care m a  rerurging 

. 

Analyair of Brurh record6 indicated the following: 

1. The l5OO-cpr mode had the characterirt icr of a f i r r t  tranmerae 
mode within an outer compartaent. 
calcalated on the  baair of an aconatic velocity of 3500 fp8, 

war 1727 cpo. 
3000 fprwaa more r e a l i s t i c  f o r  thio camperbent. 

The frequency of t h i s  mode, 

T l n ~ ,  it appeared that an acoumtic velocity of 

2. The amplitude of botb 5OO-cpa and 15OO-cpa mode8 war a t  leaat 
twice a i  high a t  0.8 inchelr from the injector face a r  a t  5 
inchea from the  injector face. 

Inveatination of the Effects of Oxidixer Split ter6 

and S p l i t t e r  Shift inn on Stab i l i t y  

During component temting i n  a tubular w a l l  thrart chamber, popping 
occurred i n  two mcccmmive t e s t a  with injector 084tC. 
revealed that aeveral mplittera i n  the oxidircr feed Eolea had shifted 

i n  the region believed t o  comerpond t o  the origin of t he  pop.  To de- 
termine whether shif ing of the s p l i t t e r s  could came popping, they were 
removed from the in jec tor ,  and a ser ie r  of nine tes ta  waa conducted w i t h -  

out a pop. However, upon replacing the rp l i t t e ra ,  no popping war experi- 
enced during a subsequent seven-teat se r ie r ,  i n  rpi te  of the fact  tbat 

rome of the s p l i t t e r s  had shifted. 

Poatteat inspection 
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A s  o resul t -of  these teste, the cause of poppingwas believed to be ia- 

jector  leakage rather than shift ing of the oxidizer spl i t ters .  
. 

Three t e s t  ser ies  were conducted with injectors XO5l and OW to evaluate 
the effects  of oxidizer splitter8 on stabil i ty.  With injector XO51, em- 
ploying 270 s p l i t t e r s ,  the average damping time was 122 milliseconds. 
This decreaaed to  109 milliseconds iinen 302 sp l i t t e r8  were umed. A 

similar injector (OW) employing no splitters,wa8 then tested f ive tbs,  
The average damping time for  the f i r s t  four tea t s  wa8 34 milliseconds, 
a significant improvement. 
ever, when the f i f t h  test did not damp. 

characterized by injector leakage and O-ring fai lure  during the final 
ser ies ,  rendering the tes t  r e m l t s  inconcluaive. 

The conclusion war subject t o  queation, hou- 
The three t e a t  aeries were 

6) Investigation of the Effects of Oxidizer Sprap: 
Shams Adjacent to Baffle Surfacea 

-re t e s t  ser ies  were conduct&- with injector F-1002 to determine the 
effects on a tab i l i ty  of VarioP. oxidizer a m y  shape6 adjacent to the 
radial  baffles. In all, three modification8 were tested: overlapped 
oxidizer doublet8 adjacent to the bac'fle, i.e., uneqyal diameter ip 

pinging orifices;  doublets resulting i n  fans being canted away from the 
baffle;  and a combination of both. 
jection pattern conriatad of t r ip le t r .  

The r-inder of the oxidizer in= 

For the t e s t  aeries employing merlapped. doublet8 only, the luiar 
damping time in  four te r t s  was 13 m i l l i a e c o d ~ ~ .  In the seriea employing 
both overlapped doublet6 and canted f am,  four t e a k  damped in  leas  thn 
13 milliseconds, while two other damped i n  52 and 41 millisecmda. The 
i i n a P  ser ies ,  employing Canba fans aione, resnlted i n  damp t h e e  of 3, 
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5 .  85, and 6 milliseconds. Because these damp times did not differ s i p  
niLicnntly, the threc test series deuonstrnted no clear-cut ndvantagc of 
onc concept over another. 

TWO bomb tests were conducted with injector F-1002 in which canted oxidizer 
fans were erployed adjacent to the radial baffle siufaces and body and 
film coolant holes were plugged. The first test damped a bomb-induced 
disturbance in 27 milliseconds, and two bomb-induced disturbances in 30 
and lo5 millirreconds during the second test. 
and film coolant orifices did not, evidently, exert any appreciable sta- 

bilizing influence. 

The plugging of the body 

A re-evalaation was mads of the concept of canted a d  overlapped oxidizer 
fans adjacent to radial baffles during a test series with injector 049. 
The oxidizer doublets adjacent to the radial baffle. coruisted of 0.185- 

inch-diameter orifices angled toward the radial baffles at a half-angle 
of 20 degreesand 0.20WncbaicPreter orifices angled away from the radial8 
at a half-angle of 28.2 degreee. The results indicated a lorr of 1 second 
in specific impnlse over the PZET injector. 
kbancerr damped in one cycle, reconfirming the importance of the oxidizer 
pattern adjacent to the baffle surfaces. 

Each of fwa borb-ind9ced dio- 

Testing of injector XO!% seneed to demonstrate the importance of the oxi- 
dizer orifices adjacent to the circumferential baffle. Three tents were, 
therefore, conducted in which the diameter of these orifices was increased 
from 0.195 to 0.209 inch. 
bomb tests resulted in damp times of 32, 73, and 7 milliseconds, the 
average -.time increaring from 20 to 37 milliseconds. 
felt to be a significant increase. 

The impingement angle was w )  degrees. The 

This was not 



Tnvea t igo t ion ef Tribo f f led 1n.i cc t o r  

Three test8 were conducted with injector m37, a tribaffled in,jcctor. 
A l l  t e a t s  reealted in  strong 50o-c~ oscillation. 
i n  the deatmction of the injector and dome, and aevere atnnd damage. 

m a  concluded t h a t  three baffle6 a r e  insufficient t o  gunrantee a stable 

injector. 
a first tranever8e compartment mode vi th  traces of t he  !%O-cp o8ci1htion. 
Evidently, rotation of the fans wa8 not sufficient t o  guarantee sapprcseion 

of the t ranavene cmparhent mode. 

The third t e s t  rcsultd 

It 

The t e a t  did n o t  damp. The mode of ins tab i l i ty  appeared to kc 

Investigation of Injector Modif i ca t iom 

t o  Suppreaa tho "Buzz" Hode 

!3 The e f fec t  of a ahallow oxidizer impingement upon s t a b i l i t y  Wa8 investi- 
gated i n  f ive  t e a t  Eerier employing injectors 082B, xD55, and m2. The 

f i r s t  tvo eerie. employed injector 082B and were deaigned to inmatigate  
the e f f e c t  of a baffle-to-land gap ou buzz. In a l l  te8 fS  the batt ampli- 
tade was law, tending t o  indicate t h a t  a gap between the bame of a ba f f l e  

and a l a d  is not necessarily conducive t o  'triggering of thio d e .  

Injector  X002 waa modified by adding a shoverhead or i f ice  between wing- 
ing oxidizer orifice.. With th i8  modification, the buzz amplitude wae 

laver than that obtained with the injector in ita -dificd forr.  

Injector 082B waa modified by overlapping the oxidizer doublets adjacent 
t o  the radial  baffle8 and waa Cemted in botb Mcooled and cooled thrrut 

cbambera. A l l  test. damped without reaurghg, and buzzing warn recorded 

on fuel peranetera only. 
.lowly. w e r e  triggered. 

FSve-hundred-cp. oscillation., which attenuated 

R-5615-9 
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This aeries indicated t h a t  the buzz mode could be reduced i n  severity by 
keeping the oxidizer sprays away from the radial  baffles. 

possibi l i ty  that  the buzzing previously observed with injector 040 might 

have been cawed by mismatching of the fuel  and oxidizer impingement 
distancea, the injector wan modified by the additions of 240 lnaall, cloae- 
fmpingiag fuel doublets between the  existing doublets. 
revealed no attenuation of the buzz. 

Becawe of the 

Eovever, a temt 

A t e a t  ser ies  was conducted with injector XO55 t o  deternine the effect  
of increased outer circumferential baffle flow on buzzing. Terting in 
both the uncooled and cooled thrast chambera indicated that the baxz 
level had increaaed fromwhat it had been before. 

The Effects of Removing the Oxidizer Dome 

Cone on Stab i l i t y  

A stability rating Eerier was condacted w i t h  injector XO49 t o  evnllaab 
the  effect6 of removal of the cone from the dome cavity. Of four bomb 
induced disturbances, three damped within a aingle cycle, the fourth re- 
eurang &ice, but a t i l l  damping within 100 milliaeconda. 
appeared moother with thio configuration. 

ser ies ,  it was determined that removal of the cone from the dome c a d *  

had l i t t l e  o r  no effect on stabi l i ty .  

T r a m i t i o n  
A. a r e m l t  of t h i s  test 

The Inoeatigation o f  Vented Radial Baffles a s  a 
Stabil izing Au ent  

A series of three testa was conducted with injector XO21. 

employed canted oxidizer fana adjacent to the radial  baffle.. 
This injector 

In addition, 

132 holcr of 0.20P.inch diameter were d r i l l ed  through the  baaea of the 
radial  baf f lea. 
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The f i r s t  two t e s t s  were s table  tests i n  which the buzz level VILS m c h  
lower than normal w i t h  t h i s  injector pattern. 

did not damp o bomb-induced disturbance, the predominant mode being n 

509-cps oscil lation. 

The third test, hovever, 

Teat. v i t h  injector  077, a uniforn mixture ratio,  f l a b f a c e  injector,  
yielded only a s l igh t  increase in & efficiency aa compared to the €EI 

injector.  

A8 a resul t  of t h i s  series, it was concluded that the venting ef the 

the  bases may reduce the buzz level significantly bat in 
ensure the damping of a strong !jOO-cps mode. 

Injector Perfommce Evaluation Teats 

Performance evaluation tests were  conducted w i t h  in.jectom 077, 084, O n ,  

and 2004. 

A modification of injector 084, conniating of plugging the =dial baffle 
coolant hole. and enlarging the circrnaferential baffle coolant holes a 
correaponding aumnt, resulted i n  decrearing the C, efficiemcy by 1 perc 
cent. The radial  baffles vere uncooled during tkme tent.. 

Three test8 were conducted with injector XDJJ to evaluate rmiform iP 
jection d e m i t g  and mixture ra t io  acros8 the injector face. 

able increame i n  performance -6 achieved a t  the expenne of &abili ty.  
A coruiderc 

A bomb-induced disturbance did not damp, but r e d t e d  in a n 8 u r g h g  
CI 

and baffle colapartpcnt resonance mode of imtab i l i t y .  

B-56153 81 



- .  

.IOcYETDYIyE A O I V I S I O W  O F  N O I T M  A U L I I E A W  A V I A T I O N  1 N C  

AE a result of a component test series, the specific impulse of flat-face 
injector 2004, employing uniform radial flaw distribution, YBE determined 
to be approximately 1 second higher than that of the p#r injector. 

E"E TESTXIS (Table 2) 

w i n e  testing during this period was devoted to the evaluation of the 
OBrtE.typtinjector as the Ell" candidate. 
this  injector type had accumulated 9860 seconds of mainstage operation 
in 143 tests with 15 different injectors. 
three boarltinduced instabilities within the required m a x h  time of 
100 milliaeconds. 
of 260 seconde. 

By the end of the report period. 

In addition, the engine damped 

Specific imprlse is well above the required m- 

!Two cases of popping occurred with the engine. 
S5 percent of nominal chamber pressure during test 072 with engine 0!22. 

The disturbance persisted for 25 milliseconds, after whiih it damped in 
1 cycle. Postteet inspection revealed injector leakage. The cause of 
the popuas attributed to either injector leakage or a shortened prefcat 
preparation procedure, 

One incident occurred at 
. 

The other popping incident occurred during test 070 with engine 023. 
The disturbance perairted for 35 milliseconds. 
vealed randomly located sources of injector leakage. 

Posttest inspected re- 

82 
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VAT= TABLE 

To obtain infomation on the effects of i n j  ctor b f f l e s  on the  propaga- 

t ion of strong shock waves, a water table program was ini t ia ted.  In t h i s  

study, two-dimensional surface waves were diffracted by models o f  various 
shape baffles. 
was analogous t o  t h e  shock overpresaure. 

The height of the surface wave above its quiescent, value 

Two methods of data gathering were used. 
monitored by a capacitance probe imersed in  the water and recorded on a 

visicorder. 
records of streamlines of floating styrene spheres a s  they followed the 

water par t ic les  during impingement of the wave. Figures 19 through 21 
depict respectively the rat ios  of reflected-to-incident wave heights, 

transmitted wave heigbts-to-quiescent depthland the coordinate ~ y s t c r  

employed. 
triangular and inverted triangular. 

the curves a re  remarkably similar and d i f fe r  by less  than the  accuracy 

of the transducer. 

The height of the wave was 

Photographic techniques were also employed to yield p e m n e n t  

These data were taken with two different baff le  configurations, 
For the extreme difference i n  shapes, 

. . ._ 

Figures 
wave propagation past the base-mounted baffle. 

show a similar sequence f o r  a vertex-moanted baffle. 

22 through 25 depict four stages in  the developlent of plane 
Figares 26 through 29 

From these photographs, it is evident that  the Mkve of propagation is 

reflection upstream of the baffle,  diffraction dovnstream of the  baf f le ,  
while the intomediate zone is one of circulation. 

a-561 5-9 97 
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CONCLUSIONS 

1. Water table  techniques are capnble of yielding information on 

baffle shockwave interaction. 

2. Difference in overpressure fields were alight for the b o  baffle 

mhapes investigated. 

Differencer in flow fields were appreciable for the two baffle 
shapes mtudied. 

Vortex generation at the baffle tip8 is a significant factor in 
shock wave diffraction by a baffle. 

The accuracy of the height sensing probe should be increa8cd 
if quantitative information on overpressure fielda ie t o  be 
obta bed. 

3. 

4. 

5. 

E-5615-9 log 
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ACOUSTIC LINER 

Three tests were conducted at Bravo 1C on the F-1 gas generator employi 
an acoustic liner. 

Test 630-009 was conducted on 4 November 1964, Test randitions were: 

Fuel flowrate, lb/sec 108 

Oxidizer f lowrate, lb/sec 57.4 
Mixture ratio, 0 531 
Exhaust temperature, F 1812 

I 

I 

The test duration was 1.3 seconds. 
the presence of a longitudinal thrust chamber mode in transition. 
mainstage, a sporadic instability occurred, which was predominately at 
the longitudinal. mode frequency, although the first tangential mode 
@ 2000 cps) was present at low amplitude. 
sufficient to cause rough combustion cutoff, had there not been a mal- 
function in this device. 

Inspection of the recorda revealed 
Duri 

The acceleration g level wa 

No damage was incurred. 

Test 630-010 was conducted 6 November 1964. Test conditions were: 

fie1 flowrote, lb/sec 118 

Oxidizer flowrate, lb/sec 59.3 
Mixture ratio, 0.502 

Exhaust temperature, F 1503 

The test resulted in rough combustion cutoff after 192 millipeconds of 
mainstage duration. The same roughness in buildup was observed. The 

It-5615-9 111 
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instability in this test was less sporadic and more uniformly high level. 
No damage was incurred. 
holes fonnily the "necks" of the resonators in the liners were plugged. 

The hardware b-aa removed for rework. A l l  small 

Test 630422 was conducted 29 December 1964 with the acoustic liner holes 
plugged. 
During transition, the same type of high-amplitude oacillntiona occurred 
as in the previous two tests. However, they were sufficiently high this 
time to cause a rough coubustion cutoff in transition. 
panded against the chamber wall and was scored during rimowl. 

the only damage noted. 

The test was intended to be a repcat of Test 630-010 above. 

The liner was ex- 
This was 

For plrpores of comparison, power spectral density plota were made of 
the chamber pressure for each teat. 
through 32. Figures 30 and 31 w e r e  made for Teats 009 and 010 and 
apply to the unstable portion of the tests in which the liner holes were 
open. Figare 32 applies to the transition phase of Test 022 in which 
the liner holes were plugged. 

These ore presented in Fig. 30 

Although the test results were disappointing in that no run was stable 
with the liner in operation, there was nevertheless some encouragement 
in the fact that the presence of the liner evidently perrpitted the te8t 

to reach mainstage. 

112 
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A cursory review of a group of films taken a t  the medium flow bench re- 

vealed the presence o f  a spherical wave pattern i n  the fan formed by im- 

pinging j e t s  of water. 
seemed t o  become more prominent as the impingement angle was increased. 

- 
These waves, emanating from the point of impingarpt, 

IMPINGING JE2 WAVE PATTEZWS 

~ ,I 

I 

.- 

To investigate further these wave pheIlOUIeM, three or i f ice  plates simula- 
ting the oxidizer or i f ice  patterns of the ERT and 082B type injectors 
were fabricated and water flowed. These or i f ice  plates bad the PBT in- 

jector oxidizer doublets of 0.209-inch diameter and 0.242-inch diameter 

impinging a t  40 degrees, and type 082B injector oxidizer doublets of 

0.209-inch diameter impinging a t  56 degrees 24 minntes. 

In addition, a group of orifice plates with B modification of the above 

or i f ices  was buil t .  
small orifices i n  the plane of the original fan. 
added orifices was to  impart additional axial momentmu a t  the source of 

the spherical waves. 

This modification consisted in d r i l l i n g  two additiop.1 

The purpose of these 

! 

The assrmption behind this program was that oscil lations i n  combastion 
chamber pressure can result from oscil lations i n  energy addition to the  

chamber. 

stream. 
change i n  degree of atomization of the propellant spray can contribute 

a change in chamber pressure. 

In particular,  these oscil lations can occur i n  a propellant 

I f  the burning rate is a function of vaporization rate:  the 

I 

Faster films a t  2600 t o  4200 frames per second w e r e  used t o  record the 
tests. A 60-cycle timing l igh t  a t  120 flashes per second was added to 

lb5615-9 117 
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the film strip.  Two atroborcopic l igh t  sources, synchronized w i t h  the 

camera, provided a lo4 second duration flaah per franc. The frequency 
of the wave pattern was detemined by counting the number of frames be- 
tween succeeding vaves projected on a screen. 

The resul ts  of the examinstion of the f i lm ahawed that: 

1.- The spray from both PBT and 082B injector  pattern oxidizer 

2. 

3. 

118 

orif ices  shawed wavea; however, the wave intensity from the  
FRT pattern warn nmch l s n r  pronounced than tha t  from the 082B 
pattern. The wave prominence vas approximaely proportional 
t o  the irpingmt angle and the spray fan angle when rimed 
 EON^ to the fan. 

The wave f requacy was proportional to the injection velocity 
and inversely proportional t o  the o r i f i ce  diameter. The ob- 
served 9requemcies agreed f a i r l y  we11 with thore freqmencies 
calculated by Rayleighia method of determining freqgencies of 
liquid je te  isming from orifices. 

The spray pattern from the modified or i f ice  of two 0.187-inch 

diameter o r i f i ce s  impinging a t  56 degrees 24 minutes and two 

showerhead orifices of 0.096-inch diameter and 0.08Sinch di- 

ameter dr i l led i n  tbe original fan plane showed considerable 

retiaction of spherical waves when compared to the 081B injector  

type oxidizer orifices of 0.209-inch diameter impingiw at ' 

56 degrees 24 minutes (vithout modificatiom) . 

E-5615-9 
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' l.:? 

m e  mpmy pattern from the modified orifices of tvo 0.209-inch diameter 
orifice8 impinging at 40 degrees and two ahoverhead orifieta of 0.0% 

irch diameter drilled in the original fan plane ahowed coruidemble re- 
duction of rphericd wave8 when compared to the FlU' injector type oxidizer 
orifices of 0.209-inch diameter impinging at 40 degrees (without 
modifications). 

Ic.5615-9 119 
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Prom the single-element tes t ing conducted a t  Canoga Park and Neoabo, the 
radial  and concentric or i f ice  type splas evolved as the injection elements 

t o  be used i n  the full-scale aplld injector. The radial  flaw type apxd 

has like-on-like impingement and injects propellants i n  the radial  di- 

rection. me COP 

centric or i f ice  rpu3 consist8 of 21 oridiaer tubes, each surrounded by a 
fue l  annulus. 

Axial injection was completely eliminated (Fig. 33 ) . 
The injection of propellants i u  in  the axial  direction 

(pig. 34)- 

mid-December, the cmcentric or i f ice  type apud injector waa completed 

and assembled. 

Fig. 35. 
bad not been completed during t h i s  period, and the injector was not teated. 

The injector and solid-wall assembly are  i l l ua t r a t ed  i n  
The preparation of the t e s t  stand t o  handle the apud injector  

s 5 6  15-9 121 
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Combu t ion s t a b i l i t y  bomb performanee on F-1 th lvs t  chamber tests con- 
tinued t o  be satisfactory. 
perimental low shrapnel bombs that lised the p las t ic  she l l  Hercules 13.5- 
grain blast ing cap. 
detonation fa i lure  with thermal ini t ia t ion,  and i t a  use was stopped. 

Two bomb fai lures  were experienced with ex- 

It was determined that this cap was aaeceptible to 

High-speed photographs of detonating bombs were obtained with a rotating 
mirror streak aad framing camera. Framing pictures a t  ra tes  from 66,660 
t o  440,000 frame8 per second were obtained showing the shape of detonation 

expansion and showing the shock wave  separating from the detonation productm. 

Streak photographs taken eimnltaneoaely with the framing pictures yielded 
a position-time relationship f o r  the expanding detonation. 

of the shockwave was correlative by blast  tables t o  the  overpressure of 

the shock front.  

The velocity 

Figure 
the detonation of a Mod. 14 bomb with reduced core wall thickness to  

simalate thermal erosion. 

36 is a framing sequence taken a t  66,660 frames/second showing 

It-5615-9 125 
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Figure 36. Detoaation of Mod. 14 Bomb 
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3. ADSTRACT 

A history of the F-1 Combustion Stability Progrem from Odtober through 
December 1964 is presented. 
discussed and graphically presented, and problem encountered a r e  described 

Results of etadies, tes ts ,  and procedures are  
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